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COMPUTER I 2 ED GAME BOARS 
FIELD OF THE INVENTION 
The present invention related to games and toys generally and 
■to methods o£ determining the position of toy figures and game 
pieces on game boards . 

BACKGROUND OF THE INVENTION 
During the last few years , various games and toys have been 
developed in which a computer reacts to the physical location of a 
game controller. 

Joysticks, mice and trackballs are well known in the art as 
game controllers, in addition, three-dimensional controllers such 
as a three-dimensional wireless mouse have been developed 
recently. Unlike a mouse which is a device that measures relative 
movement, the Mattel PowerGlovs, which is worn, on the hand and arm 
as a. glova or- the "Flock of birds" by Ascension Technologies, 
senses the absolute position of the controller relative to a 
static detector. 

The use of a sword in a virtual reality game is also known. 
In this type of game the location and movement of the sword in 
physical .space control the interaction of the player with the 
virtual world. In other, simpler games, a gun is pointed towards a 
screen and hits are registered based on the aiming point of the 
gun and the location of target figures on the screen. 

Many modern computer and video games stand in contrast to 
traditional, board games, in that they offer a dynamic environment 
with rapidly changing situations, in which the medium, typically 
the computer,, responds to the players' actions. In these games the 
response speed of the. players is generally an important factor. : 
Computer and video games have many drawbacks, which are 
particularly, apparent in games played by children. First,, the 
"pieces." in these games are merely illuminated shapes on a flat 
screen and, therefore, the players cannot hold or feel the 
"pieces". Similarly, the artificial environment provided by the 
background scene is perceived only visually, through the eyes of 
the player, and even the visual perception is not complete and; 
.natural as in the traditional games . Additionally , a child playing 
computer or video games generally remains seated for long periods 
of time, facing a video screen and is, therefore, temporarily 
disconnected from the real world and the people in i:. 
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There have been attempts to construct a game board which 
offers advantages of both the traditional board games and the 
modem computer or video games. Such combined board game systems 
should generally be capable of detecting the presence of. playing 
pieces. at different locations on the game board and, preferably, 
. it should be also capable of identifying the detected pieces. 

British Patent 2,103,943 describes a sensing board and 
sensible pieces, wherein tuned circuits (i.e. resonators) in the 
pieces are sensed by circuits in the board associated with 
position "cells" using electromagnetic induction. The tuned 
circuits in the pieces include colls and capacitors. Due to 
coupling between the coils in the playing pieces and the coils 
in the board, signals fed. to the board stimulate the resonators . 
and pick up The resonant signal produced. Different pieces or 
differenx types of pieces have different resonant, frequencies , 
such that pieces cr types of pieces can.be idenrified based on the 
frequency of the signal picfced up in a given ceil on the board. 

The board incorporates two groups of circuits, each group 
having a circuit associated with each cell . One group* of cells 
stimulates the resonators in any pieces on the cells by 
transmitting electromagnetic signals and the other group receives 
Signals produced by the resonators in the cells in response to the 
stimulation . The coils in each group are interconnected and are 
individually addressable via a diode associated with each coil. 

In determining the presence of a piece at a cell, a. pulse of 
electric current is supplied to the stimulating (transmitting) 
coil of the cell, whereby a rapid change in current at the 
trailing end. of the pulse results in oscillation of the resonator 
in the piece situated at the cell at its resonant frequency. The 
resonant oscillation induces a current signal in the sensing coil 
associated with the cell which signal is amplified and 
thresholded. For signals greater than the threshold, the 
oscillation frequency is measured to yield a corresponding- digital 
signal. When a cell is empty, i.e. it does not accommodate a 
piece, there is no resonant "ringing" and, therefore, the number 
of transitions is detectably low. 

An improvement to the "sensing" game board of British Patent 
2,103,943 is described in U.S. Patent 5,183,363. In the US 
Patent,* the pieces include an oscillator which is triggered by a 
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signal received from the stimulating coil, a feedback oscillator 
which is initially triggered by the received signal resonates at a 
frequency determined by circuit elements in the playing pieces. As 
in Patent '943, the coils in Patent '368 are coupled in a 
configuration which allows sensing of one cell at a time but does 
not allow simultaneous addressing of more then one cell. 

Since, in both of the systems described above. transmission 
and detection via the coils under the board calls is performed. 
..sequentially, i.e. one cell at a time, the reaction times of these 
systems are limited by the time it takes to scan all of the cells, 
on the board. If the game requires a large number of cells, the 
system can be expected to respond relatively slowly to moves made 
by the players. Por example, if the game boerd is a chess board 
including 64 cells, the reaction time is limited by a typical 
scanning time of approximately 0.6 second, if the game- board 
includes 512 cells, which is a typical number in modern board 
gemes, the reaction time may reach an annoying ly long interval of 
more than 5 seconds. 

The following patents also describe position sensing boards, 
•some of which are capable of differentiating between different 
•playing pieces, based on their inherent qualities: US 5088928, 
GB2237S14, US 5082286, DE 3813779, FR . 2607400, US 4341385 and SE 
.7812190. 

• On a different physical scale, Nintendo produces a large area 
mat which senses the position of a person on the mat and which is 
incorporated in games. 

Sensing of positional attributes of playing pieces and 
reacting accordingly is also performed in pinball machines which 
sense the location of a pinball using a remote sensor. A ski-game, 
disclosed in patent SU 844011, uses photocells to detect if ski- 
figure playing pieces are correctly located on a ski track and 
keeps score. 

• US 5. 169/516 discloses an interactive action toy system-, in 
which two. toy figures react to each other based on an. engagement . 
between them. In computer arcade games such as "Archon" and 
"Battle Chess", playing pieces fight on screen in response to 
movement commands by players . 

.. . SE 7812190, US 4,341,385, OB 2237514, US 5,088,928 disclose 
computer games wherein a computer reacts to the position end/or 
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status of a playing piece on a physical board by playing sounds 
and/or video graphics. 

US 5/330,380 discloses a system which plays a prerecorded 
message based on the identification of an action figure or toy, it 
is also known/ for example, in EP 606790, to Incorporate a audio 
device inside an action figure. When the apparel of the action 
figure is changed, a variety of sounds are emitted by the device. 
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SUMMARY OP THE INVENTION 
The present invention seeks to provide new dimensions in 
computer games and board games. 

There is thus provided in accordance with a preferred 
embodiment. of the present invention a combination computer game 
and board game including a game board, a plurality of toy figures 
selectably ppsitionable by a player with respect to the game 
board, apparatus for automatically and non- discretely sensing the 
; location of the toy figures relative to the game board end 
actuating an audio/visual display sequence in response thereto. 

In accordance with a preferred embodiment of the present 
invention, .the apparatus for automatically sensing the. location Is 
: operative to provide an output indication of the motion of the toy 
figures and to actuate an audio/visual display sequence In 
response, thereto. 

Further in accordance with a preferred embodiment of the 
present invention, the apparatus for automatically sensing the 
location is operative to provide an output indication of the 
direction of motion of the toy figures and to actuate an 
audio/visual display sequence in response thereto. 

Additionally in accordance with a preferred embodiment of the 
present Invention, the apparatus for automatically sensing the 
location is operative to provide an output indication of the 
orientation of the toy figures and to actuate an audio/visual 
display sequence in response thereto. 

• Preferably, the apparatus for automatically sensing is. 
operative in three dimensions. 

Preferably, the apparatus for automatically sensing is 
operative in a .wireless mode of operation. 

In accordance with a preferred embodiment of the present 
'invention, : the apparatus for automatically sensing is operative in 
a wireless mode of operation which does not require . a line of 
sight: to the toy figures. 

In, accordance with a preferred embodiment of the invention, 
at least some of the toy figures. have switches mounted thereon;/ 
whose operation is employed to actuate an audio/visual display 
sequence* 

There is also provided in accordance with a preferred 
embodiment of the present invention a combination computer game 
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and toy including at least one toy figure selectably po8itlonabl< 
by a player in three dimensions end apparatus for automatical!;* 
and nori-discretely sensing the orientation of the toy figure anc 
actuating an audio/visual display sequence in response thereto. 

In the foregoing embodiment f the orientation of the to^ 
figure may Include one or more of the following parameters ; 
position, movement, direction and direction of movement. 

Preferably, the apparatus for automatically sensing is 
operative to actuate an audio/visual display sequence also ix 
response to one or more of the following parameters: position, 
movement, direction and direction of movement in the present anc 
the past • 

In accordance with a preferred embodiment of the invention, 
the apparatus for automatically sensing is operative tc 
differentiate between different. types of movement. 

Further in accordance with a preferred embodiment of the 
present invention, the apparatus for automatically sensing is. 
operative -to sense changes in orientation of a toy figure in more 
than three, degrees of freedom, and most preferably six degrees of 
freedom* 

It is a further object of on© aspect of the present invention 
to provide an improved electronic game board, including an 
electromagnetic game table and apparatus for rapidly scanning .the 
game table to. determine the position and/or status of the game 
pieces on the board. According to the present invention, the 
reaction time of the electronic game board to game board 
situations is very short, compared to prior art devices, and 
remains . short even when the game board includes a large number of 
cells. For example, the everage reaction time of a 512 cell board 
constructed according to the present Invention can be as low as 10 
milliseconds* 

According to one aspect of the present invention, an 
excitation coil is associated with each cell on the game table and 
a sensing antenna is associated with the entire game table, 
Playing pieces or game or toy figures, each including a 
transponder, are located on some of the ceils of the game table.. A 
plurality of excitation colls generate query signals which are 
received by the. transponders of all playing pieces located on 
cells at which a query signal is generated. The transponder in the 
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playing piece then generate© a coded answer signal, preferably 
having a frequency unique -Co the piece or the type of piece, which 
is received by the sensing antenna* The antenna, which may receive 
more than one answer signal, generates a sensor signal responsive 
to the answer signal. . 

In general it is contemplated by one aspect of the invention, 
to excite a given group of cells on the game table, generally by 
row and column, wherein each excitation coil is connected to a 
given row and a given column. Since all of the pieces in the 
excited row or column are queried simultaneously, the measured 
sensor signal is a signal resulting from superimposed answer 
signals produced by more than one playing piece* Sensor signal 
components relating to different pieces are Isolated using 
.appropriate signal processing, in accordance with a preferred 
embodiment of the invention . 

According to a preferred embodiment of the present 
invention, the unique signals, which are preferably discrete 
frequencies, generated by the different pieces or- types of pieces 
are utilized not only for uniquely identifying the pieces or types 
of pieces, but also for determining the location of each piece on 
the table. To this end, all of the. rows and all of the columns are 
scanned. If . a , given piece (or type of piece) generates a unique 
frequency that frequency will be detected only for the row and 
column on, which the piece is located. In this way, by determining 
the row and column which give the unique response associated with 
the- piece, the- location of the piece is determined. 

According to . another aspect of the present invention, an 
excitation antenna and two, orthogonally positioned, sets of 
sensor coils are associated with the game table. The excitation 
coil generates an excitation signal to be picked up by all the 
pieces on the table. One set of sensor coils is oriented and 
configured to determine the x-position of the pieces and the other 
set is orientBd and positioned to determine the y-position of the . 
pieces , Pref erably , each set- of colls includes two cells each of 
which Includes a plurality of, preferably rectangular, sub-colls, 
of varying widths. In each pair of coils, the sub-coils of one 
sensor coil preferably have one edge of the sub-coil aligned with 
one edge of the table while the sub-colls cf the other sensor coll 
are aligned with the opposite edge, of the table. The edges of the 
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sub-coils perpendicular to the one edge are aligned with edge? 
perpendicular to- the one edge and the fourth side of the sub-coili 
is parallel to the first side and defines a different width foi 
each sub-coil. A processor associated with the sensor coil: 
determines the X-axis positions of pieces on the table (each o: 
which has. a unique response signature) in a non-discrete manne: 
based on the two sensor signals generated by the one pair o; 
coils , preferably based on the sum and difference of the signals. 
The processor also determines the Y-axis positions of the piece* 
based on the two sensor signals generated by the other pair 01 
coils. 

While a rectangular antenna encompassing the entire gam* 
table can be used as the excitation antenna, in a preferred 
embodiment of this aspect of the invention, the excitation antenn< 
includes a plurality of sub- antennae, each having a differem 
configuration on the table and, possibly, a different number 03 
loops. Preferably, the sub-antennae are designed and. configured tc 
provide a substantially homogeneous sensor signal leveJ 
independent of the position of the pieces on the table. 

The Z position of 'the figure (above the table) may b€ 
determined the strength of the answer signal. When a plurality ol 
spaced transponders are incorporated in a toy figure, two or mors, 
orientations of the toy figure may be determined. If twt- 
transponders are employed, the orientation in two axes may be' 
determined, in addition to the three position coordinates; ii 
three . properly positioned transponders are used, all si> 
orientation and position coordinates may be determined* 

. It is another object of the present invention to provide ar 
improved game board having a generally traditional appearance but 
incorporating electronic, preferably computerized, features ol . 
active medium games such as computer or video games. In 5 
preferred embodiment of the present invention, a player of the 
game interacts with a game board, with playing pieces, with s... 
computer, with electronic features on or near the game board and 
preferably with other players, A number of players may sit along 
the sides of the board, as in traditional board games, while 
playing advanced active medium games. The game board may alsc 
comprise ..a n story board" in which a story, on a video screer 
depends on the positions of the figures. Other games such as 
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improved arcade target games and doll games are also possible in 

. preferred embodiments of the invention* 

Additionally, computer multimedia features, such as a 
computer display and computer sound capabilities are utilized to 

• further enrich the game. Electric devices such as lamps, 
loudspeakers, etc-, and various mechanical gadgets such as trap 
doors, levers, etc., which may also be associated with the system 
Of the; present invention, are preferably activated and controlled 
by the computer. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be understood and appreciated more 
fully from the following detailed description, taken, iri 
conjunction with the drawings in which: 

. Fig* 1 is a simplified illustration of a combination board 
game and computer game constructed and operative in accordance 
;with. a preferred embodiment of the present invention; 

Figs,. 2A, 2B, 2C, 2D & 2E are illustrations of various 
typical operative states of the apparatus of Fig. 1; 

Fig. 3 is a simplified illustration of a combination board 
game and computer game constructed and operative in accordance 
■with another preferred embodiment of the present invention; 

Figs. 4A,.4B, 4C and 4D.are illustrations of various typical 
operative states of the apparatus of Fig. 3; 

Fig. 5 is a simplified illustration of a combination board 
game, and computer game constructed end operative in accordance 
with yet anothiar preferred embodiment of the present invention; 

Figs. 6A, 6B and 6C are illustrations of various typical 
operative states of the apparatus of Fig. 5; 

Fig . . 7 is. a simplified illustration of a combination board 
-game and computer game constructed and operative in accordance 
with still another preferred embodiment of the present invention; 

Figs. 8A and 8B are illustrations of various typical 
operative states of the apparatus of Fig. 7; 

Fig.. 9 is a simplified pictorial illustration df an 
electronic, game board system, constructed and operative in 
accordance with one aspect of the present, invention; 

Fig. 10 is a cross-sectional, schematic, illustration of one 
playing piece associated with the system of Fig. 9, showing 
schematically the internal circuitry of the playing piece and a 
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portion of a game board underlying the piece; 

Fig- 11 is a schematic illustration of sensor-array circuitry 
useful for the operation of the game board system of Fig. 9, in 
accordance with one preferred embodiment of the present invention; 

Fig. 12 is a schematic illustration showing graphs of the 
excitation and sensor signals used in a preferred embodiment of 
the present invention; 

Fig. 13A is a schematic illustration of a sensor-array for 
continuous position determination useful for the game board system 
of Fig. 1-9 , in accordance with another preferred embodiment of 
the present invention; 

■ Fig.- 13B is an exploded, explanatory, illustration showing 
the construction of the sensor-array of Fig- 13A; 

Figs. 14A - 14E are schematic graphs of sensor signals 
produced by the sensor array of Fig^ 13A; 

Fig. . ISA is a schematic illustration of a preferred, 
excitation coil for the embodiment of Fig. 13A; 

: Fig. 15B. is an exploded, explanatory, illustration showing, 
the construction of the excitaxion coil of Fig. ISA; 

Fig.. 16 is a schematic block-diagram of circuitry useful for 
.operating the sensing table of Fig. 9; 

Figs. '17A - 17D are schematic graphs of signals generated by . 
the game table and circuitry of Fig. 16; 

Figs. 18A, i8B and 1BC are schematic illustrations of three 
alternative, exemplary, devices for altering the environment of 
the game board system of Fig. 9; 

Fig; 19 is a simplified schematic illustration of an 
electronic educational device, constructed and operative in 
accordance with another aspect of the present invention; 

..' Fig, 20 is a simplified schematic illustration of ah elecr 
tronic playing device capable of sensing player's actions,; 
constructed and operative in accordance with another aspect of the 
present: invention; 

Fig.. 21 is a simplified pictorial illustration of an exem- 
plary electronic game, board system according to the present 
invention, adapted for playing "The . Game of Knights" ; and 

Fig, 22 illustrates a preferred method of mounting a game./ 
board of the invention on a table top. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Reference is now made to Fig. 1. which illustrates a 
combination computer game and board game constructed and operative 
in accordance with a preferred embodiment of the present 
invention. The combination computer game and board game preferably 
comprises, a conventional computer 2, such as a personal computer 
or a video games computer, which is associated with a display 4 
end speakers 6. Operatively associated with computer 2, typically 
via a serial port thereof, is a game table 8 with respect to which 
toy figures 10 may be selactably positioned. 

A replaceable printed game board or sheet 11 having a printed 
scene or other printed indicta related to the specific game being 
played : is ! placed en game tabla 8 and pieces 10 are placed on board 
11. While Sheet 11 is shown as a two dimensional image, a three 
dimensional image such as shown in Fig. 21 is also useful in the 
practice of the invention. The sheet may be made of paper, 
cardboard,, plastic or any electrically non-conductive material 
when the positions of the pieces are detected according to the 
preferred method of detection described below. 

in e preferred embodiment of the invention, the board or 
sheet which is in place" may be automatically identified by the 
system - Based on this identification, the computer calls up a game 
program which corresponds to the game represented by the board or 
sheet. Similarly, a "game book" or -interactive story book"- may 
consist, of a number of sheets which constitute progressive 
portions of the game or story. The system determines which sheet 
is in place and the game program is. adjusted to suit the sheet. 
The sheets may also be in the form of a book, each side of a page 
covering half of the game table. The system determines which 
sheets ere on the left side of the table and which are on the 
right side and based on this determination the two visible sheet 
sides are known. 

" In a preferred embodiment of the invention, the sheets are 
identified in a manner similar to that described below for 
identifying the toy figures. 

in accordance with a preferred embodiment of the invention, 
there is associated with game table 8. apparatus for automatically 
sensing the location of toy figures 10. This apparatus may be any 
suitable apparatus, but is preferably three-dimensional, non-line 
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of sight wirelesa apparatus of the type shown and describe 
hereiribelow with reference to Figures 9-18. 

Preferably, game table 8 is removably mounted onto a suppor 
surface/ such as a table top 66, at a height close to the botto 
of the screen surface of the display 4, as illustrated in Fig. 22 
Display 4 is conventionally situated on a base 68 such that th 
height of the display is well above the table height, in order t 
heighten the illusion that printed board or sheet 11 is a part © 
the display, table 8 is raised by the mounting mechanism, shown i 
Fig. 22 in which a pair of leveling screws 64 are adjusted t 
level the. table and a pair of quick release screws 62 are used t 
secure the table on table top 66. 

Typical operation of the apparatus of Fig. 1, will now b« 
described with reference to Figs. 2A - 2E. It is seen from Fig 
2A, that when one of the toy figures, here a fox 12, is locate* 
in his home, indicated on the game board by reference numeral 14 
a video sequence is displayed showing him at home and ai 
appropriate audio message representing that figure is preferably 
transmitted. For example, the video sequence may show the £ox;L 
his home environment speaking about, and/or interacting with thi 
environment; 

Fig* 28 illustrates another toy figure, here a crow. 16.,' 
located. beside a pond indicated on the game board by reference 
numeral 18. A video sequence is displayed showing the crow at the 
pond and an appropriate audio message representing that figure, is 
transmitted. For example, the video sequence may show the crow or 
the side of the pond speaking about, and/or interacting with the' 
environment-. Sounds representing the site may be part of th« 
audio. 

Fig. 2C shows that when two of the toy figures, here fox .13 
and crow 16, are both located at a given location, such as the 
home of the fox, indicated on the game board by reference numeral 
14, a video sequence is displayed showing interaction between the 
two figures within the same given area and an appropriate audlc 
output containing conversation of the two figures at that given, 
location is preferably transmitted. 

Fig. 20 illustrates a particular case of the functionality of 
Fig, 2C, wherein one of the toy figures, crow 16, Is located on 
the head of the other of the toy figures, fox 12. a video 
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sequence is displayed showing interaction between the two figures 
ax the same- X-Y location and an appropriate audio output 
containing conversation of the two figures ax that given location 
is transmitted. 

. Fig. 2E illustrates a case wherein a toy figure, here crow 
16, is located above the game board, as if it were flying. A 
video sequence is displayed showing the crow flying and an 
appropriate audio output related to the crow flying ie 
transmitted. 

Other audio and audiovisual outputs may involve sounds which 
are characteristic of the position of the toy figures on the 
.board, such as the sound of water, birds, chickens or other sounds 
related to images printed on the game board or sheet. 

Reference is now made to Fig. 3 which illustrates a 
: combination computer game and board game constructed and operative 
.'in accordance with another preferred embodiment of the present 
invention. The hardware, other than the toy figures, may be 
identical to that employed in the embodiment of Figs. 1 - 2E. 

. in the embodiment of Fig. 3 a shooting game is provided 
•wherein at least one of 'the position, motion and orientation of 
the toy figure in three dimensions is employed both in terms of 
incoming fire directed thereat and in terms of its firing at. 
"Enemies- on the screen or other toy figures. Preferably at least 
four degrees of freedom of the toy figures are sensed. In a 
preferred case five or six degrees of freedom of the toy figures 
are sensed. 

Fig. 4A illustrates a situation wherein the "enemy" 30, shown 
on the display screen, shoots a missile 32 towards the sensed 
position of a toy figure 34. The toy figure 34 shoots bullets 36" 
whleh appear on the screen in accordance with the position end 
orientation of the toy figure. The toy figure may also be moved by 
the player to avoid being destroyed. 

Fig. 4B shows eudio and visual effects of a "hit" produced by 
the toy figure 34 shooting the "enejny" on the screen. Fig. 4C 
shows the audio and visual effects of a "hit" produced by the 
enemy Shooting the toy figure 34. Inasmuch as toy figure 34 must 
remain intact, the visual effects appear only on the screen, but 
are located so as to give the effect of a hit on the toy figure 34 
at its sensed location. 
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Fig. 4D illustrates a game played with two or more toy 
figures 34 which can shoot at each other. 

Reference is now made to Fig. 5 which illustrates a 
combination computer game and board game constructed and operative 
in accordance with yet another preferred embodiment of the present 
invention . The hardware, other than the toy figures, may be 
identical to that employed in the embodiment of Figs- 1 - 4D. 

In the embodiment of Fig. 5 amplified audio and possible also 
video outputs are provided in response to movements cf toy 
figures. The positions, movements and orientations of the toy 
figures in three dimensions may also trigger animated displays on 
display 4. 

Fig.. 6A illustrates in detail how a step movement is deitected 
in accordance with a preferred embodiment of the Invention and 
shows that steps are made up of a sequence of angular movements 
interrupted by a lack of movement. Logic provided by suitable 
.software identifies each step (by identifying the ezimuthal angle 
change and . rate of change) and provides a "step sound n 
corresponding thereto. The greater the amplitude of the step, the 
♦louder may be the sound . 

Similarly, jumps may be detected and represented by sounds 
whose loudness may correspond to the amplitude of the jump, as 
shown : in Fig. 63* Preferably, the sounds are synchronized in real 
time, with : the movements of the toy figures. 

The direction and location of the figures undergoing movement 
may be represented also by loudness and frequency changes in the 
sounds/ similar to what would occur in reality. 

Other types of movements , such as side-to-side or rolling 
movements may elso be identified with particular sounds, such as 
in a Karate environment, as shown in Fig. 6C. 

Reference is now made to Fig. 7 which illustrates a 
combination computer game and board game constructed and operative 
in accordance with yet another preferred embodiment of the present, 
invention.. The hardware, other than the toy figures, may be 
identical to that employed in the embodiments of Figs. 1 - 6C. 

In the embodiment of Fig. 7 the directionality of the 
orientation cf toy figures 50, 52 and 54 is of particular, 
importance. Both audio and video sequences are provided responsive 
to the relative orientations of the figures to each other. Thus 
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when, two dolls- 50 and 52 face each other within a given distance, 
they, apeak. When one doll faces a dog 54. the dog nay bark or the 
doll may speak to the dog. 

Fig. 8A illustrates a conversation between dolls 50 and 52 
who are shown faeing each other. Fig. BB illustrates the dbg 
barking and doll 52 speaking with the dog.. The positions, 
.movements and orientations of the toy figures in three dimensions 
may also be shown on a display screen. 

Fig. 9 illustrates schematically an electronic game board 
system, constructed and operative in accordance with one aspect of 
the present invention. The system includes a game table. 100 
(corresponding, generslly to game table 8 of Fig. 1) associated 
with a prooessbr unit 140, preferably a personal computer, and. 
having. a game board surface 110 including a plurality of cells 
150. A plurality of toy or game figures 120 (for example playing 
pieces are shown in Fig. 9) are preferably placed on at least some 
or cells' 15Q. Pieces 120 may generally be moved to other cells 
150 in accordance with prescribed rules of a specific board game. 

While the position and orientation apparatus of the invention 
is especially suited for use in games illustrated and described 
herein in Figs. 1-8 and 18-21,. Fig. 9 illustrates a more general 
use of the position determining apparatus of the invention. 
Furthermore, while, the preferred methods of determining position 
and. orientation for the described games are those described 
herein, other known methods of determining position and, 
optionally, orientation are also useful in the practice of some 
aspects bf the- invention. 

: in accordance with a preferred embodiment of the invention, 
circuitry (not shown on Fig. 9) for determining the location and 
identifying playing pieoes 120 on board 110 is included in game 
table lOoV. The system, preferably includes additional electronic 
devices 130, preferably controlled by processing unit 140, which 
preferably provide sensible, indications of different, game features 
end/or respond to movement of pieces on game board 110, Processing 
unit .140 is preferably programmed in accordance with the game 
played, such, that inputs received from different elements of. the 
system are . correctly interpreted and appropriate outputs . are 
provided to different devices in the system. Processing unit 140 
.is preferably associated with a display 14 5 end a sound producing 
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device (not shown) to provide additional audio-visu 
capabilities. In a preferred embodiment, game table 1 
comrouni cares with processor 440 and associated devices, via 
cable,, infrared communication or other means to perform vario 
functions in response to moves by the players. 

Fig. 10 schematically illustrates a cross-section of 
particular playing piece 120 associated with a given cell 150 
game board surface 110. The circuitry in each piece 120 prefers* 
includes a coil 240, which preferably functions as a receivin 
transmitting antenna. Coil 240 is preferably adapted to receive 
excitation (query) signal, preferably a cooed signal, which . 
generated by en excitation coil 220, as input to a trensceiv, 
circuit 2S0 in piece 120. Based on the query signal, transceiv 
250 generates an answer signal which is transmitted by coil 24i 
The answer signal is sensed by a sensor coil (such as for examp. 
.described hereinbelow) in an upper portion 200 of game table lOi 
which receives answer signals from a plurality of celli 
preferably from. all of the cells in the game board. Transceivi 
250 is preferably powered by a power source 260 which msy inclur 
a -battery, preferably' a miniature battery. Coil 240 ai 
transceiver 250 together form a transponder which responds 1 
query signals with an answer signal. 

ma preferred embodiment, each piece 120 (or type of piect 
generates a unique answer signal and, therefore, pieces 120 can I 
uniquely identified by processor unit 140, as described belov 
Coding of the query end answer signals may be based on freguenc 
modulation, amplitude modulation, pulse modulation end/or tin 
. delay modulation, or any other known coding method. In or 
preferred embodiment of the invention, the answer signal include 
a sinusoidal wave pattern having a frequency which is unique i 
the piece or the type of piece 120. Thus, according to thi 
embodiment, a given piece 120 can be identified besed on tt. 
frequency of its answer signal. 

Ih a preferred embodiment of the invention, the identity c 
at: least some of . pieces 120 can be varied by adding or replacir. 
elements of transceiver circuit 250. Preferably, various clrcui 
elements (hereinafter plug-in circuits) ere introduced by 
carrier, plug-in, member (not shown) adapted for mounting t 
preselected locations on playing pieces 120. where there ar 
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appropriate electric connectors for connecting The plug- in circuit 
to transceiver circuit 250. Preferably, the external appearances 
of the plug-in members relate to their respective identities, m 
the context of the game played. For example, the plug-in members 
may be embodied in the form of replaceable hats, each containing a 
different plug-in circuit and defining a different game entity, 
whereby : the codes defined by the different plug-in . circuits 
correspond to the respective game entities . Variation of the 
answer Signal code may be activated through a code-controlling 
switch in transceiver circuit 250 which is switched to an 
appropriate position upon connection of the plug-in member to 
piece 220, or by a capacitor which changes the frequency generated 
by circuit 250, 

In one embodiment of the invention, game table 100 includes 
one excitation coil 220 under each cell 150. When a given piece 
120 is placed on a given cell ISO, the electromagnetic flux 
'emanating from coil 220 passes mostly through the coil 240 above 
the given- .cell 150 and there is substantially no electromagnetic 
. flux : through, the other coils 220, even if they are situated on 
neighbouring cells. This is because the magnitude of the 
electromagnetic field generated by coil 220, at a given location, 
is inversely proportional to . the third power of the distance 
between the given location and coil 240 and, therefore, even a 
short distance between neighboring cells yields a significant 
difference between the respective electromagnetic fields. Thus, an 
electromagnetic- signal in response to an excitation generated by a 
given coil 220 indicates that a piece 120 lies on the given cell 
150. Further analysis of the sensed signal by processor 140 
enables identification of the given piece 120 as described above. 

In the embodiment described above, each piece 120 includes 
power source 260 which powers the circuitry in the piece, 
particularly transceiver circuit 250. Such an arrangement may be 
inconvenient, since, each of pieces 120 requires periodic 
replacement of batteries and there may be a large number of pieces 
120. Thus, according to en alternative embodiment of the present 
invention, a capacitor replaces transceiver circuit 250 and 
battery 260. The capacitor and coil 240 form a resonance circuit, 
such as the resonance circuit described in British Patent 2103943, 
incorporated herein by reference. According tc this embodiment, 
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the excitation (query) signal, which is preferably characterize 
by an abrupt change in electromagnetic flux, activates t> 
; resonance circuit which, thereby , resonates at its reeonan 
frequency. Thus, the frequency of the answer signal is determine 
. by the frequency of the resonance circuit. 

Reference is now briefly made to Fig. 12 which schematicalj 
illustrates typical signals which are used in the electronic gan 
board system of the present invention. Curve "A" illustrates 
typical excitation, query, signal generated by a glven excitable 
coil^O.. Curve t" illustrates a typical sensor s^gnal^ate 
- in the sensor coil when there is no piece 120 on the cell IS 
above the given excitation coil. Curve "C" illustrates a typica 
sensor signal generated in the sensor coil when one of pieces 12 
lies on the cell 150 above the given excitation coil. 

It is. appreciated that cells 150 can be sampled, sequential! 
and the above mentioned identification methods can be sequential! 
applied. However, the scanning time required for such sequent!* 
sampling is expected to be very long when board 110 includes 
large, number. of cells 150. To reduce the required scan time, th 
present inventor has found an improved method and apparatus ' fo 
scanning game board 110. to determine the location and identity o 
pieces 120. . 

According to the present invention, cells 150 are sampled Li 
groups., .wherein all the cells in each group are sample, 
simultaneously, to reduce the time required for sampling am 
subsequent processing. In a preferred embodiment of the invention 
as described in detail below and shown schematically in Fig. 11' 
upper portion 200 of - game table 100 includes an array pi 
excitation coils 220. which are inter connected through conductive : 
rows and columns, such that each coil 220 is connected to a giver 
row and a given column. In a preferred embodiment of tto« 
invention, ail of the game pieces in a given row or column an 
excited together and the signals generated thereby in the sense: • 
coil. indicates the preeence or absence of a piece in the given rov 
or column. Each row and each column is sampled only once end 
therefore, -the sampling time is reduced by a factor substantially 
proportional to the ^square root of the number of cells 150.. In '■ 
this way the presence of a game piece in a given column and a 
given row. are separately determined and the position of the piece, 
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at the Junction of the given row and given column is inferred. 

However, since the signal measured by sampling a column or 
rpw is a superposition of a series of sensor signals generated by 
the series of sensors 220, respectively, further processing is 
used in order to isolate the different sensor signals. It should 
be appreciated that since the sensor signals are based on uniquely 
coded answer signals generated by pieces 120, the signals can be 
isolated, by an appropriate processor or appropriate software in 
processing unit 140. 

Alternatively, where the generated signals are indicative of 
the type «f ..piece rather than of an individual piece, a slightly 
different procedure may be followed to determine the position of 
.the: individual pieces. At the beginning of the game, the presence 
of pieces in the individual cells is determined by interrogating 
the cells individually and not in groups. This gives the starting 
point for future determinations of the positions of the pieces. As. 
the game progresses, for most games, only one cr a few pieces 
change places at any one time and these changes generally take 
place In. accordance with fixed rules. To determine which piece has 
moved, the excitation o.f the pieces takes place by rows and 
columns as previously described and any ambiguity in the position 
of identical pieces is overcome by knowledge of the previous 
position of the pieces and of the rules of the game. While this: 
method does require a somewhat longer initial "set-up" time, the 
inquiries during play are very fast. 

• . Fig. 11 schematically illustrates sensor-array circuitry 
useful for the operation of the game board system of Pig. g, in 
accordance .with one preferred embodiment of the present invention. 
■A plurality, of excitation coils 220, arranged as an array of 
coils, are mounted in upper part 200 of game table 100, preferably 
on a common plane. A peripheral sensing antenna 235, preferably a 
coil, is mounted in upper portion 200, preferably on the common 
plane of coils .220. Although antenna 235 is mounted along the 
rectangular periphery of portion 200, it will be appreciated that 
other antenna shapes and other mounting positions are possible. 
Coils 220 are preferably driven by an excitation signal generator 
.310 . which drives electric current through selected ones of coils 
220 via switches 350 and load resistors 355. Resistors 355 are 
included to avoid overloading of coils 220 whieh preferably have a 
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very low Ohmic resistance. 

: The dimensions of excitation coils 220 and the separatic 
between coils is determined by the size of cells 150 whic 
depends, in turn, on requirements of the game. Excitation coij 
220 are addressed via a conductor network including a plurality c 
rows 224 and a plurality of columns 222, whereby each coil 220 i 
connected to a given row and a given column. Fig. li shows 
simplified network including three rows 224 and three cclumr 
222. Rows 224 are connected, via respective resistors 35S ar 
. respective switches 360, to one of the terminals of excitatic. 

signal generator 310. Similarly, columns 222 are connected, va 
. respective resistors 355 and respective switches 360, to the othc 
terminal. of signal, generator 310. 

This allows simultaneous connection of any row or column (c 
combination of rows or columns) cf excitation coils 220 acros 
signal generator 310, by appropriate activation of switches 36C 
Processing unit 140 (Fig. 9} controls the activation of switchs 
360/ through a board control circuit 340, in accordance with 
preselected activation pattern. Control circuit 340 preferabl 
also controls the operation of signal generator 310 which driv« 
excitation - coils 220. For example, in the three row by thre 
column array of Fig. 11, if switches Si and 64 are closed whil 
the remaining switches are open, coil LI is connected while th 
other coils are not connected and, therefore, electromagneti 
excitation is generated only from coil LI. 

In a preferred embodiment of the invention, as shown in Fig 
11, the sensor-array circuitry further includes e diode 36 
;. connected, in series with each coil 220. The provision of diode 
365. prevents undesired flow of Current via alternative paths 
parallel to the addressed coils 220, since all such paths includ 
at least two oppositely directed diodes 36S. In the exampl. 
described above, excitation current flows only through coil L 
while other, parallel, paths are blocked by diodes 365. 

According to the present invention, a given coil 220 induce 
an excitation signal only in the antenna 240 of the piece 12 
associated with the cell 150 over the given coil 220. Thus, 
plurality of substantially isolated, local, excitation fields ar 
induced by the plurality of coils 220. 

In a preferred embodiment of the invention, switches 360 ar 
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activated sequentially, one row or one column at a time, such rhat 
each row 224 and each column 222 is sampled separately. For 
example, by closing switches SI, S4, S5 and S6 while leavino 
switches S2 and S3 open, sensor signals generated in response t! 
excitation along the column 222 of coils LI, L2, L3 are measured 
. after amplification by an amplifier 320. Similarly, by closing 
; switches SI, S2, S3 and S4 while leaving switches S5 and S 6 open 
. sensor signals generated in response to excitation along the row 
. 224 of coils LI, L4, L7 are measured through amplifier 320 

The answer signals induce currents in sensor antenna 235 
which generate corresponding senscr signals which are fed 
.-. preferably via a resistor 312. to an operational amplif i ftr ' 320 ' 
The amplified sensor signals ere preferably digitized by an 
analog- to-digital ( A/D } converter 330 and. then, fed to processing 
unit 140, preferably via a DMA channel. The long rows 224 or 
columns 222, are analyzed by processing unit 140 to synthesize the 
individual codes modulated, cn the answer signals generated by 
Pieces 120. The resistance of resistor 312 is determined based on 
common design considerations as required for operating operational 
amplifier 320 in a voltage summation mode. 

In a preferred embodiment . of the invention, as described 
above, answer signals of different pieces 120 or different types 
of pieces- have different frequencies. According to this 
embodiment., a Discrete Fourier Transform (DPT) algorithm, which 
.computes the frequency coefficients based on a least square fit 
may be used for detecting and separating the senscr signal 
components corresponding to the various anawer signals. The -OFT 
process is preferably carried out by an appropriate circuit (or 
software) in processing unit 140. utilizing the row and column : 
information and, if necessary, knowledge of the previous position 
pf.the pieces and the rules of the game, unit 140 determines the 
• position of all the pieces, on the table. 

The. process is of determining the strengths of the signals 
which is the. first step in determining the : position and 
orientation coordinates of the pieces implemented by taking into " 
consideration that the received answer signals have the form: 

•'• . m " e *P <-0t)*(A 1 cos art + A 2 sin tut) 
where 0 is s decay factor characteristic of the piece, u> is a 
resonant frequency characteristic of the piece and t is time. The 
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factors A : and A 2 are not known a priori . Were rhey known, the 
..- signal strength "S" from the. particular piece could be -. 
characterized as: 

S - { (A x >2*(A 2 )*}^ 
A characteristic matrix v is now used to extract the 
information needed for determining A x and A 2 from n samples of the 
signal received from all of the pieces. If .v samples are taken at 
times . t n from : t x to t N then v is a two column matrix having N . 
elements in each column given byz 

v n,l " eacp(-Qt n ) cos wt n 
v n,2 * «*P<-Qt n > sin wt n 
If the N samples of signal m are formed into an N element, 
-column vector M, and the values A x and A 2 are formed into a two 
element column vector A, then the values of a 2 and a 2 can be found \ 
• by solving, the equation: 

V X AsM 

, . or 

A-V" 1 x m. 

.. If K pieces are used in the game. V is a matrix having 2k 
columns and A is a column vector having 2K elements. 

A value for N is chosen depending on the sampling rate and : 
rate of decay of the signal, it has been found useful to sample at. 
164 kHz and set N=512. However, these values are not critical. 

As indicated above, changes in the configuration of pieces 
120 on- board: 110 are generally limited to events such as adding. a 
new piece 120 to board 110, removing a piece 120 from the board, 
relocation of a piece 120 or any combination of such events. Since 
any of these possible - changes in board configuration will 
.: generally affect, at most, the : sensor signals of one or two rows 
224 and one or two columns 222, such changes can be detected by 
comparing the row and column signals of a given board 
configuration with the row and column signals of a previous board - 
configuration. Such comparison may be performed, for example, by a 
subtracter in processing unit 140. To enable access to previous 
board configurations, determined board configurations are 
■preferably recorded and stored on a memory of processing unit 
140, preferably a computer memory. 

.. In. a preferred embodiment of the invention, when changes are . . 
detected in the signals of given rows 224 and/or columns 222, only 
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these signals are further analyzed to determine the identity and 
location of the pieces 120 which are involved in the changes. 
Using this procedure, the processing time required for determining 
game board configuration is reduced considerably. * 
When a given identifying answer frequency is used by more 
than one piece 120, for example when a given frequency identifies 
a type of piece 120, spectral analysis of each row and each column 
is insufficient for determining the configuration of pieces 120 on 
board 110. Thus, separate addressing of each of coils 220, by 
appropriate activation of switches 360, may be required,' as 
described above, in order to determine an initial configuration, 
for example at the beginning of a game. However, it should be 
appreciated that once the initial configuration has been 
determined, subsequent configurations may be determined by 
analysis or comparison as described above, i.e. only on the cells 
where the changes in the signals, and therefore the changes in 
position of the pieces, have been detected, it should be 
appreciated that other detection procedures, such as exciting 
. different groups of coils .220, may be used in conjunction with the. 
sensor array circuitry of Fig. ll, in accordance with different 
game requirements. 

In the preferred embodiments described above, the answer 
signals are preferably within the range of iKHz to 16KHz. This 
frequency range matches the frequency range normally used by the 
sound processing board of existing computers, for example the 
Sound Blaster which is available from Creative Labs Inc., U.S.A. 
This frequency also avoids the noise caused by the horizontal 
sw>ep frequency of the display which is also preferably filtered 
put. of the signals. To avoid interference by the vertical sweep of 
the display, the sampling is preferably synchronized with the 
vertical sweep and occurs between retraces. 

. • . A ferrite core is preferably provided in each of coils 240 of 
piece 120 to increase the inductance of the coils and thereby ': 
increase the signal magnitude. 

Tc shorten the excitation time, the self inductance of coils 
220 should be low. furthermore, for efficient coupling between 
coils .220 and . coils 240 of pieces 120, coils 220 and respective 
coils 240 should have a high mutual inductance. Therefore, both 
coils 240 and coils 220 are preferably flat coils. In a preferred 
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embodiment of the invention, colls 220 are forced of severs 

T"! 0 "" 8 "'*' liJ " rS ° f ' ~"*-*-Wr Printed circuit be" 
whereby each lever support, a spiral shaped conductor. 

in the embodiment of Fig. n, locations o£ pieces 120 
board 110 have discrete velues. and the. number of di.cr. 
location, on th. board, i.e. tn . „ eol « ion of ^ ° a « 9 
determined by th. nunber o£ eell , 15Q an<J «• 

*»P««i«i « use such a cell-oriented system f cr simTi,". 
continuous location determination, since an extremely la^e numt' 

of < *» i«P«v.d non-discrete me'eoremt 

Of location, i, prefers for the same, described herein <a n n 
other, cam., as w.U,. a preferred method for non-discrete posit 1 
and, options!, orientation meesurement follows. 
_ Reference 1. now m.de to Fig. i SA whIeh sch . B(ltic , 1 
. l.« «d n 9 ht aensor coils. !00 and M0 reapec"" i 

eenatruc^d r„ r ? y "I'"" 8 *" = OMi — determined 
ore^Hr *" ■ ocow "*» wi * h preferred embodiment of t. 

present invention, and to Fig. ,„ „ h ich , hows suB . coll3 j J 

cotrLo"/ " P " r ""- d f ° r "^"-'"ive purposes. Left sen. 
coil .500 is preferably a r.ctan S ul.r coll. pr.f.rebly a 

waL. i. t ' 8VlnS °°™ ,on len9tft * differ.. 

510 520 52*0 t "'" " A '" d 13B ' *"■«"*•» °< '"b-coil 
!hL f k ' S ' 2S ' 3S " eto - "opectively, „p t0 . 

..which la th, width of th. widest sub-coll, labeled 540 The Hi 
side, of ,.n tft . .ub-coll. of array 500 substantially oven* 

inter 6 T t"* °* «— ,epar."d 

int^al, of width S. The inventor he. found thet the sire of « 

interval i, not critical ana that value, of 1-2 cm civ. *oi 
reaulta. Thi , laok Qf erltleallty t . ^ true ^ " t ° . 

coil. „. .paced some distance from th. coil, m the 9 a»e pieces. 
■ . Right sensor coil 550 is preferebly a mirror image of let 

"rL 001 ^ 500 ; 1 " " Bht ° 0il S50 ' ^ =f .Ub-coll. . 

sio, 520, 530, etc., substantially overlap whil. the left sides c 

consecutive sub-coll, are separated by interval. 0 f length s : r " 
T^l St"!: 5 l° and ."°' iMerVal lan9tn S l ° P"'*««V sm.ii; 

than the diameter of colls. 240 in pieces 120. . The number of loop 
in each sub-coll i. preferably substantially th. same. 

Pig. 14* .nd 14B show the amplitude of sensor signals Xp an 
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Xr. generated by coils 500 and 550. respectively, as a function of 
the, position of* given piece 120 along the X-axis of board no 
wherein the position is measured from left to right, coil 240 is 
assumed to be parallel to the surface of board no such that 
variations in the answer signal generated by coil 240 and the 
corresponding sensor signals are not due to tilting of the piece. 
However, since the exact position is generally not critical,' 
position measurement accuracy is substantially preserved even when 
the piece is tilted. Position measurement is also not particularly 
sensitive to the distance of coil 240 from the sensor coils. 

Pig. 14C and 140 show the sum of the right and left sensor 
signals, Xr*Xp, and the difference between the right and left 
signals, Xr-Xp, respectively, as a function of the X-axis 
position, rig. X42 shows the normalized difference between the two 
signals, <Xr-Xp)/< xr+Xp ) , as a function of the X-axis position. It 
can.be seen from Fig. 14E that the normalized difference between 
the signals is a monotonic, nearly linear function of the X-axis 
position of the given piece 120. Since ( Xr-xp ) /< Xr + Xp ) is 
normalised according to the sum Xr-Xp, the normalized signal is a 
pure position signal, independent of the actual values of sensor 
.signals Xr and Xp. Thus, the X-axis position of the given piece 
120 designated, by "k" can be determined directly from the 
. normalized, position. signal, by determining a signal spectrum of 
the -sum. of the two signal, S(xr + Xp), and a signal spectrum of the 
difference; between the signala, S(Xr-Xp). a normalized X-axis 
ordinate of piece 120, X', is then calculated as follows: 

X'-s k (Xr-Xp)/S k (Xr*Xp), (1} 
where. s k is the component of the spectrum which is characteristic 
df, the given piece The sign of X' is the same as the sign of 

arctan< ( xr-xp } /(Xr+xp )) . 

In a. preferred embodiment, the sensor array includes a second 
set of sensor . coils, similar to coils 500 and 550, mounted 
substantially perpendicular to colls 500 and 550, i.e. with the 
varying dimension: of groups 510, 520, etc., along the Y-axis. 
.Using calculations as described above, a normalized Y-axis 
ordinate, Y\ of the given piece 120 (n) is calculated as follows: 

Y , .S K (Yr.-Yp ; >/S 1{ (Yr+Yp). (2) 
where Yp and. Yr are the voltages generated by the two coils in the 
second set of coils. 
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. - The. actual position of the given piece 120 on board U 
(X,Y), which ie a function of both coordinates X' and v. is ti 
determined from the following equations: 

end ?™*['*-'*' . ca, 

;.v-F 2 <x',Y'), (4) 

wherein F A and T 2 are transform functions between the (X'Y 
ordinates and the actual location on board 110, which can 
determined experimentally for a given design. Approximations of 
end F 2 , for exemple polynomial approximations/can be determir 
using known methods, for example least-square-erz 

approximations. 

The phase of the sensor signals developed by the v.aric 
sensor coils have also been found to depend on the position of 1 
responding piece. In some embodiments of the invention i 
position is measured using these phases, instead of ; 
amplitudes. The amplitude and phase differences can be u« . 
. together, for example in a system which makes a radund* 
calculation of position^ to improve the accuracy of the positi 
measurement. 

The height of the piece may also be determined to 
sufficient accuracy for game use, provided the signal strength 
not- substantially a function of x and Y. Under this condition, -1 - 
strength of the field varies with the height of the piece frbmi 
sensor coils end the approximate height of a piece from t 
sensor coils is given by: 

z— aiog£S n (Xr+Xp)}o-81og{S n (Yr*Yp)). (5J 
•Measurement of both the X sum and the Y sum can be used 
improve accuracy. 

Additionally, the azumith (rotation about the z axis), rc 
(projection onto the board of the rotation cf the piece about 
forward axis- of the piece) end pitch (the projection onto t 
board: or. the rotation o£ the piece about an axis orthogonal to t 
azumith and roll axea). To achieve this goal two or three sense 
are . place, in separate positions of e game figure. If two sense 
ere used, then two angles may be determined, if three proper 
placed, senscrs ere used, then ail three angles may be determine 

For example, assume that a transponder (as defined above) 
placed in each of legs 70 and 72 of a toy figure (such as that 
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Pig. 5). The azuraith o£ the figure is given by: 

Az - arctan {<Y 2 -*l )/(X 2 -x : )), * (6) 

where x^ Y 4 ere the coordinates of the two transponders. 

The roil of the figure may be approximately computed by the 
semi-empirical formula? 

Roll « aretan (O.l^Zj-Z! )}, (7) 
where .Z ± . represents the height of the individual transponders. 

If a third transponder is incorporated in a figure (for 
example,, if three transponders are situated at reference points 
•74, 76 and 78 of toy figure 34 (Fig. 4A;) then the pitch may be 
.calculated in a manner similar to the calculation of the roll. 

. The above discussion is based on the use of frequency as 
distinguishing between the different pieces, such that the signal 
spectrum values are used to identify signals which are 
characteristic of the different pieces, if other coding methods 
are. used, the signals received from the various pieces ere first 
separated by a method appropriate to the coding scheme used and 
the positions and orientation of the pieces is determined by 
r equations 1-7 utilizing the amplitudes of the various 
pharaOtexistic signals. 

Since the location (and orientation) of pieces 120 is fully 
..deternined by analyzing- the sensor signals, this embodiment of the 
invention does, not require a selective excitation arrangement, . 
such as coils 220 and switches 360 in Fig. u, £ or separately 
addressing different locations on board 110. Thus; a single, 
global, excitation antenna can be used, for exciting coils 240 in 
all the pieces 120 on board 110. Such a global antenna may include 
a peripheral coil, similar to sensor antenna 235 of Fig. 11, 
.driven by an excitation signal generator similar . to signal 
generator 310 of Fig.. 1.1. However , since the magnetic flux from 
such a peripheral coil decreases rapidly toward the center of 
board 110, and since the sensor signals are also weaker when the 
piece is nearer the center of the board, this embodiment of the 
invention may require wide dynamic, range circuitry for processing 
the sensor signals, with the poorer signal to noise ratios, 
especially for signals near the. center of the board. This problem 
can be avoided by generating a compensated excitation field, using 
an excitation coil designed particularly for that purpose, as 
described below. With such an excitation coil the sum of Xr and Xp 
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i© substantially constant, independent of the position of the 
responding piece on the game board. 

Fig. 15A illustrates an excitation coil 700 particularly 
suitable for the preferred embodiment of Figs. 13A and 13B, and to 
Fig, 1SB which shows sub-coils of coil 700 separated for 
illustrative purposes. Coil 700 preferably includes a rectangular 
v peripheral sub-coil 7 60, preferably a square having a side of 
length L, and a plurality of zoned sub-coils 770 f 780, . • 790. As 
: shown schematically on sub-coil 780, each zoned sub-coil 
preferably includes five zones, namely, a center zone 710 in which 
current flow is in a first direction and four corner zones ?Z0 in 
which current flow is in a second direction opposite the first 
direction. The sides of corner zones 720 of sub-coils 770, 780, 
etc., are of dimension W, 2W, etc., respectively, and the sides of 
center zones 710 of sub-coils 770, 780, etc, , are L-2W, L-4W, 
etc., respectively. The corner zones of the last sub-coil, labeled 
790/ have a : side length of (L-W)/2. The number of induction loops 
in. the different sub-coils are selected such that the magnitude of 
the sensor signals corresponding to pieces 120 is substantially 
independent of their position on board 110. 

For example, when L*19 and W«l, substantially homogeneous 
sensor signal amplitudes are obtained for the following number of 
; loops: 100, 35, 31, 27, .22, 17, 13, 9, 6 and 2, starting from sub- 
coil 760 and going from left to right in Fig. 15B. This 
configuration provides an excitation field having a functionality 
approximately inverse to the curve of Fig. 14C. A greater or 
lesser number of sub-colls may be used, depending on the accuracy 
desired. 

Preferred circuitry for exciting and receiving signals from a 
game board according to Figs. 13-15 is shown in Fig. 16. Pigs. 
17A - 17D schematically illustrate signals used by the circuitry 
of Fig. 16. The following paragraphs refer to Figs. 16 and 17. 

A monostable mvilti -vibrator 910 generates a time signal Tl, 
preferably having a duty cycle of approximately 1:3, which is ; fed 
to a flip-flop 915 (Fig. 17A). Multi-vibrator 910 is preferably 
triggered By the vertical sweep of display 4 (Fig. 1) to avoid 
vertical sweep interference. If the game board is not adjacent to 
display 4, then multivibrator 910 can be an astable multivibrator 
with a higher sampling rate. 
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Flip-flop. 915 converts signal Tl into a corrdopondlng, 
alternating, signal T2, preferably having a duty cycle of 1:1, as 
shown in Fig... 17s. When alternating signal T2 is at its higher 
. value, a switch '920 is activated to close a contact 925 and, 
thereby, to drive current through excitation cqil 700. 
Additionally, when signal T2 is at the higher value, a selector 
940 is switched; to a first position in which sensor signals Xp and 
Xr from coils 500 and 550, respectively, are sampled. When signal 
TI is at its higher value, a switch 945 is activated to open 
contacts 9 50 and, thereby, to temporarily prevent sampling of 
signals Xp and Xr. Sampling is prevented, during these Intervals, 
to. avoid the undesired effect of spikes generated by the sensor 
coils due to abrupt changes in the excitation current, . The duty 
cycle of Tl is selected in accordance with the expected duration 
of such. spikes. A typical sensor signal, with spikes, is shown in 
FigV 17C. 

;■• When signal T2 is at its lower value, switch 920 opens 
..contact 925 and remnants of the excitation signal are grounded 

through a diode 935. Additionally, when signal T2 is at the lower 
. value, selector. 940 is switched to a- second . position' in which 

sensor signals Yp and Yr from Y coils coresponding to coils; 500 

and>. 550. - 

-Signals Xp and Xr and signals Yp and Yr are received, 
alternatively, by ah. amplifier 955 which preferably includes an 
input filter, which, inter alia filters out interference from the 
horizontal' sweep of display 4 and power line hum. A typical signal 
amplified by amplifier 955 is shown in Fig. 17D. The amplified 
signals are then converted by an analog to digital (A/D) converter 
to corresponding digital signals which are fed. to a processor 
(computer) 970. Processor 970: calculates the signal spectrum of 
the sensor signals, as described above, for each period of signal 
T2«. . The. presence of at least one piece 120 on board 110 is 
detected by detecting at least one, respective, peak- in the 
calculated power spectrum. The. identity cf the at least one piece 
is determined, /as described above, based on the frequency of the 
aft least one, respective, peak. The <X,Y) position and optionally 
the : z position and orientation, of the at least one piece is 
determined, as described above r based on equations (3) and (4) for 
each frequency of the spectrum which corresponds to a game, piece, 
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Processor 970 may be any processor known in the art which ; 
. capable of the above described calculations, for exampli 
personal computer.- A/D converter 960 ihay include a sound card, r 
as Creative Sound-Blaster • If a sound card is used, the resonai 
circuits in pieces 120 are preferably tuned to frequencies beli 
15 kHz so that they are within the bandwidth of the sound car< 
However, the use of low resonant frequencies, which result in li 
sensor-signal t requehcies, lowers the signal-to-noise (S/N) rat; 
of the system. Thus, the bandwidth for the resonant circuits . iuuj 
be carefully selected. These S/N ratio problems may also 1 
reduced by utilizing a high frequency for excitation end thi 
multiplying the sensor signals with a predetermined sinusoid.* 
signal, after filtering the sensor signals through a low-pai 
filter, to obtain an IF signal having a frequency equal to. tJ 
difference between the sensor signal frequency arid the sinusoid 
frequency. The sinusoidal signal is chosen such that the : 
signals are within the bandwidth cf the audio card to which the 
signal is fed. Repetative querying and averaging of signals . 
also useful for reducing noise. 

According to another embodiment of the present inventio: 
coils 500, 550, and the coresponding Y coils are used . ; 
excitation coils, while coil 700 is used as sensor coil. Zn th: 
embodiment of the invention, each of coils 500, 550, 560 and 5 
is excited separately. Due to reciprocity, equations 1-4 can 
used- to calculate the positions for this embodiment. 

In accordance with a preferred embodiment of the prese: 
invention* devices which physically respond to given moves by . t 
players are preferably mounted on or associated with game tab 
100. Such devices, which are preferably controlled by processi 
unit 140, may provide audible and/or visual and/or mechaaie. 
indications in response to given game board situation 
Mechanical' responses may. include, for example, opening of a tr . 
door or a gate, deliberately knocking down a given piece 120. 

Figs. 18A, 18B and 18C schematically illustrates thr 
examples- of devices for producing mechanical responses which m 
be associated with game table 100. Fig. 18A illustrates a ga 
<?evice 1100 for blocking a given cell 150 from neighboring eel 
150. Gate device 1100 includes a gate 1114 rotatably connected 
a shaft 1112 to a housing 1110. An electronically controllab 
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rotation mechanism, such as a step motor, for driving shaft 1112 
is preferably mounted in housing 1110 and controlled by processing 
unit 140.. Gate device 1100 may be connected to processing unit 140 
via a connector in game table 100 or by wireless communication . 
Antenna 700 or coils 220, depending on the embodiment, may be used 
for transmitting command signals to a receiver in gate device 
1100. Such command signals are preferably generated at a frequency 
different from the frequencies used for sensing and identifying 
pieces 120. 

Fig. las illustrates a multi^gate device 1120 including a 
plurality of gates 1126 which are preferably connected by a rod 
1124 to a housing 1122. Based on command signals which may be 
generated as described above, with reference to Fig. ISA, a 
. ; solenoid actuator in housing 1122. moves rod 1124 into and out of 
housing 1122, thereby changing the positions of gates ll26 on 
.bcjard 110.. By controlling the positions of gates 1126, the players 
are provided with a tangible indication of their available paths 
on- board 110. 

Fig. . 18C illustrates a tumbling device 1130 including a. 
housing . 1132; A solenoid actuator , in housing 1132 moves a 
plurality rods 1134 which, in turn, move a plurality of tumblers 
,1136 which are connected along rods 1134. When one of tumblers 
;il36 hits, the bottom of a given pieces 120, the given piece loses 
its' balance and falls down. 

Fig.. 19 illustrates one example of a device for translating 
computer responses to tangible, preferably animated indications, 
adapted particularly for young children. The device of Fig. 19 
includes a doll 1200 having built-in mechanisms for moving its 
•limbs and head. The device may also include visible indicators, 
such. as electric lamps, and audio indicators such as loudspeakers. 
Dqli 1200 preferably responds with human-like gestures to the 
performance of the players along the game, such as, for example, 
the correct placement of one or more letters 1210. This and other 
similar devices are particularly useful as feedback devices for 
educational games... 

Fig. 20 illustrates an example of another type of device 1300 
which responds to game situations. The device of Fig. 20 senses 
the presence of' a ball 1320 in a basket 1330 of a miniature 
basketball game, thereby detecting when a "basket" has been 
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scored. Ball 1320 preferably has . a metallic surface which, 
activates a detection circuit by connecting electric contacts 
1340 in basket 1330 when ball 1320 passes througn basket 1330. 
Ball .1320 is preferably thrown by a mechanical ' arm 1310, which nay 
be powered by a spring or by an electric motor, of a "basketball 
player" 1350. A counter in processing unit' 14.0 may be used for 
counting the number of baskets scored. 

It should be appreciated that all of the embodiments 
described above are mere examples and that other computer 
controlled mechanisms, for example vacuum pumps and valves, air 
fans and air pumps and valves, magnets and electromagnets, light 
sources, vibrating membranes, etc., may also be used in 
conjunction with the present invention. 

In s preferred embodiment of the invention, game board . 
surface 110 is printed on a non-conductive material,, such as 
paper, cardboard or plastic. Three dimensional game boards. may be 
constructed using a vacuum forming process on suitable materials. 
It is appreciated that three dimensional game boards have many 
advantages. For example, a player can hide his pieces from his 
opponents, more tangible scenery can, be constructed and game 
accessories, can be -concealed under the three dimensional surface 
topography. However, to ensure efficient and predictable coupling 
between pieces 120 and the sensors in game table 100 (Fig. 9), 
. pieces 120 have coils 240 which are preferably all parallel to 
the surface of game table 100. 

in an alternative embodiment of the present invention, game 
board surface 110 includes a layer of light transmissive material, 
such as the material used in flat displays, for example CCDs' 
(Liquid Crystal Displays). Using such materials, it is possible to. 
introduce on-board. computer controlled, Visual communication 
■with the players. According to this embodiment, the two 
.dimensional, designs on game board 110 are determined and, 
preferably,- dynamically controlled by processing unit 140, for:' 
example by selectively changing the transmission of portions of 
.the LCD. 

In the embodiments described above processing unit 140 has 
been described as a separate unit, preferably a personal computer 
(PC).. This embodiment is preferred since game table 100 can be 
designed as and add-on device to an existing computer, thereby 
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reducing production costs. However, it should be noted that the 
present invention may also be embodied as an integrated device, 
wherein processing unit 140 is provided in the form of dedicated 
hardware in game table 100. 

It should be appreciated that the present invention is not 
limited to single-plane game boards. A multi-planar arrangement 
may be formed using a plurality of game board surfaces, associated 
with a plurality of respective sensor arrays as described above, 
which are. mounted at different levels of a multi-planer fixture or 
which utilize a single sensor array and determine 2 of the pieces. 
Additionally or alternatively, vertical game board surfaces may be 
used and, in such a case, pieeas 120 may be attached to the game 
board by means of appropriate vacuum or magnetic devices. 

Fig. .21 schematically illustrates, as an example, a preferred 
board topography for a game which we call the "Game of Knights \ 
incorporating devices and concepts of the present invention. The 
Game of Xnights need not be e game of definite rules but, rather, 
it may provide an active environment in which pieces ere moved 
according to arbitrary^ decisions by the players, preferably 
children between 2 and 9 years old . 

The .players add. remove or move pleying pieces such as 
knights 1430, horses 1450 and canons- 1460 on a board 1410 
including a plurality of cells 1440. When a given piece is 
..positioned on a given cell 1440, removed therefrom or moved to 
another cell 1440, these ections are sensed by a sensing array in 
the game board, as described above with reference to Figs. 9 - 21, 
end a signal is communicated to a game control computer which 
aotivetes various audio/ visual options. Preferably, a different 
audio/visual indication is generated in conjunction with each type 
of . event which, occurs. The indicetion . preferably depends on the 
identities of pleying pieces involved in the event and on board ' 
conditions, such as the ebsolute and relative positions of the 
involved pieces on the board. Examples of some preferred game 
board . responses are given below. 

When a given knight 1430 is moved, e "footsteps" sound option ' 
is. preferebly activated, if a sword is attached to the given 
knight 1430, a different sound option may be activated when the 
knight moves. When the -knight approaches a gate 1470 of a castle 
1420,. a "bell" sound option is preferably activated. 
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When a. given piece lies on a given cell within a tumblin 
region controlled by a tumbler 1480 and stands there for 
preselected time period, gate 1470 ia opened and a suitable sour 
options are preferably activated. Tumbler 1480 may be activate 
randomly, when a piece lies within the tumbling region, therefc 
•adding a risk factor to be considered by a player befox 
approaching gate 1470. 

An "explosion" sound option may be provided whenever a butrtc 
1465 on canon 1460 is pushed. When a given knight 1430 is put c 
the back of horse 14S0 and horse 1450 is moved, a "galloping 
sound option is preferably activated. When two knights 1430, bet 
armed with swords stand on neighboring cells 1440, a "swox 
battle" battle sound is preferably activated. 

It will, be appreciated by persons skilled in the art that tfc 
present invention is not limited to what has been thus . f e 
. described. Rather, the seope cf the present invention is limite 
■only by the following claims: 
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CLAIMS 

I. X combination computer game and board game comprising; 
a- game board; 

a plurality of toy figures selectably positionable by a 
Player with respect to the game board; and 

apparatus for automatically and non-discretely sensing the 
location of the toy figures relative to the game board and 
actuating an audio/visual display sequence in response thereto. 

•2. A game according to. claim 1 wherein said apparatus for. 
.automatically sensing the location is operative to provide an 
output indication of the motion of the toy figures- and to actuate 
an audio/visual display sequence In response thereto. 

. 3. A game according ro claim l wherein said apparatus for 
automatically sensing the location is operative to provide an 
.output indication of the direction of motion of the toy figures 
.and. to actuate an audio/visual display sequence in response 
thereto. • 

i. . 

4.. A game according to claim 1 wherein said apparatus for 
/automatically sensing the location is operative to provide an 
-.output indication of the orientation of the toy figures and to 

actuate an audio/visual display sequence in response thereto. 

. 5. A game according to any of claims 1-4 wherein said apparatus 
for automatically sensing is operative in three dimensions. 

6. * . game according to any of claims 1-4 wherein said apparatus 
for automatically sensing is operative in a wireless mode o£ 
•operation. 

7. A. game according to claim 6 and wherein said apparatus for 
^automatically sensing is operative in a wireless mode of operation 
which does not require an optical line of sight to the toy 
figures. 

8. A game according to any of claims 1-4 and wherein at least 
some of said toy figures have switches mounted thereon, whose. 
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operation is employed to actuate an audio/visual display 
sequence; 

9. A game according to any o£ claims S and wherein at least some 
of. said toy figures. have switches mounted thereon, whose operation 
is employed to actuate an audio/visual display sequence. 

10. A game according to any of claims 6 and wherein at least some 
of said toy figures have switches mounted thereon, whose operation 
is employed to actuate an audio/ visual display sequence. 

11. A game according to any of claims 7 and wherein at least some 
of said toy figures have switches mounted thereon, whose operation 
is employed to actuate an audio/ visual display sequence. 

12. A combination computer game and toy comprising: 

at. least one toy figure selectably positionable by a player 
in three dimensions; and 

. apparatus for automatically end non-discretely sensing the 
orientation of the toy figure end actuating an audio/visual 
display sequence in response thereto. 

13. A game according to claim 12 and wherein the orientation of 
said toy figure may include one or more of the following 
parameters: 

(a) position 
(by movement 
(c) direction 

"(di) direction of movement . 

14. A game according to claim 12 and wherein said apparatus for 
automatically sensing is operative to actuate an audio/visual 
display sequence also in response to one or more of the following 
parameters: 

(a) position 

( b ) . movement 

(c) direction 

(d) direction of movement in the present and the past. 
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15. A gam© according to claim 12 and wherein said apparatus for 
: automatically ©arising is operative to differentiate between 

different types of movement. 

16. A game according to claim IS and wherein said apparatus for 
automatically sensing is operative to sense changes in orientation 
of a toy figure in more than rwo degrees of freedom. 

17. A game according to claim 16 where the apparatus is operative 
to sense changes in more than three degrees of freedom • 

18. A game according to claim 16 where the apparatus is operative 
to sense changes in more than four degrees of freedom. 

19. A game according to claim 16 wherein the apparatus is 
operative to sense changes in six degrees of freedom. 

20. A position determining system comprising: 

a game surface having a plurality of cells; 
a controller; 

/-.•'•. plurality of excitation elements which generate 
electromagnetic query signals in response to control signals 
generated by. the controller, each element being associated with a 
respective cell of the. game board surface; 

a plurality of movable objects positioned on cells of the 

board surface, each object including a transponder which generates 

n an identifiable electromagnetic answer signal characteristic of. 

the object in response to a query signal which it senses; and 

a sensor antenna which generates a sensor signal 

corresponding to the answer signals generated by a plurality of 

said objects. ' 

21. A .system according to claim 20 and comprising: 

a processing unit which activates the controller to excite 
predetermined groups of excitation elements and, based on the 
sensor signal, determines the identities of at least some of the* 
movable objects end the location cf the identified objects on the 
board surface. 
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22. A system according to claim 21 wherein the processing unit 
identifies, the objects by isolating different sensor signal 
, components in the sensor signal. 

23.. A system according to claim 21 or claim 22 wherein the 
processing unit determines the locations of the movable objects on 
the board by cross-referencing between sensor signals associated 
with different groups. 

2-4. A system according to claim 21 or claim 22 wherein the 
plurality of excitation elements are interconnected in rows and 
columns, such that each element is connected to one given row and 
one given column, and wherein the predetermined groups of the 
elements comprise said rows of the elements and columns of the 
elements 

25. . A system according to claim 23 wherein the plurality of 
excitation elements are interconnected in rows and columns, such 
that each element is connected to one given row and one given 
column, and wherein the predetermined groups of the elements 

'comprise said rows of the : elements and columns of the elements. 

26. A system according to claim 21 wherein the processing unit 
determines the row and column location of a given movable object 
by. determining which row and which columns . is excited when a 
sensor signal component corresponding to the answer signal of the 
given object is : detected. 

27. An electronic game board system comprising: 
a game board surface; 

an excitation signal generator which generates an 
electromagnetic query signal ; 

a plurality of playing pieces positioned on the game board : 
surface,, each, said piece including a transponder which receives 
the query signal and, in response thereto, generates an 
identifying .answer signal; and 

a plurality of sensors which, upon receipt of the answer 
signal, generates a plurality of sensor signals responsive to the 
location of the at least one playing piece. 
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2&. a system according to claim 27 and including: 

a processing unit which receives the sensor signals and which 
determines the Identity of * h e at least one playing piece and the 
location of the playing piece on the game board surface based on 
the sensor signals. 

29. A position- determining system comprising: 
a board surface; 

an . . excitation signal generator which generates an 
electromagnetic . query signal; 

.. at . least one movable object positioned on the board surface 
each, object including , a transponder which receives the query 
signal and, in response thereto, generates an identifying answer 
. signal; and- ' 

a pair of sensor coils, each coil including a plurality of 
-sub-coils not all having the same width, the sub coils of one 
: sensor coil being substantially aligned with a first edge of the 
board and the sub-coils of the other sensor coil being 
substantially aligned with an edge of the board opposite the first 
edge, the pair of coils generating a pair of sensor signals in 
.response to a received answer signal. 

30, A system according to claim 29 and including: 

a second pair of sensor coils, each coil including a 
plurality of sub-coils not all having the same width, the sub 
coils of one sensor coil being substantially aligned with e second 
edge of the board not parallel to said first edge and the sub- 
coils of the other sensor coil, being substantially aligned with an 
edge of the board opposite the second edge, the second pair of 
coils generatihg ; a second pair of sensor signals upon receipt of 
the answer signal and in response thereto. 

» J 

31. . A system . according to claim 29 and including: 

a Pf.oee«ing unit which determines one coordinate of the 
position of : the movable objects which produce answer signals in 
response to the sensor signals. 

32. A system according to claim 30 and including: 

:.. a processing unit which determines the coordinates of the 
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position of the movable objects which produce answer signals a 
response to the first pair of sensor signals and the second pa.i 
of sensor signals. 

33..-.' A system according to any of claims 29-32 wherein tr 
excitation generator includes: 

. an excitation coil including a plurality of zoned sub-coils 
each aoned sub-coil including at least one zone bounded by 
Clockwise current loop produced by the excitation coil and e 
least one zone bounded by a counterclockwise current loop product! 
by the excitation coll. 

34,; A. system according to any of claims 20-22 or 26-32 and ale 
including apparatus for finding the height of movable object base 
on the strength of a sensor signal associated with the object. 

-.35.. A system according to claim 23 and also including apparatt 
for finding the height of. movable object based on the strength, c' 
a. sensor signal associated with the object. 

• 4 

■36... " A system according to claim 24 and also including epparatC 
for., finding the height of movable object based on the strength" c 
'.a sensor signal associated with the object. 

37.. A system according to claim 25 and also including apparati 
for; finding the height of movable object based on the. strength c' 
a sensor signal associated with the object. 

38. A system according to claim 33 and also including apparati 
for finding the height of movable object based on the strengths 
a sensor signal associated with the object. 

39* A system according to any of claims 20-22 or 26*32 whered 
two. cf. more spaced transponders are incorporated in a movabJ 
object. 

40. A system according to claim 39 wherein one or raoi 
orientations of the object are determined based on the calculate 
signals received from the. two spaced transponders, 
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41V A; system according to claim 39 wherein three spaced 
transponders are incorporated into a movable object. 

42. A system according to claim 40 wherein three orientations of 
the object are determined based on signals received from the three 
spaced transponders. 

43: A system comprising: 
a board surface; 

at" least movable object positioned on the board surface, said 
object including a transponder which receives an electromagnetic 
• query signal and, in response thereto, generates an identifying 
answer signal; and 

, -ah excitation signal generator which generates an 
electromagnetic query signal including an excitation coil 
comprising, a plurality of zoned sub-coils, each zoned sub-coil 
including at least one zone bounded by a clockwise current loop 
produced by the excitation coil and at least one zone bounded by a 
counterclockwise ourrent loop produced by the excitation coil. 

. A s y9tem according to claim 43 wherein the excitation coil 
underlies the board surface. 

. 45.: A system according to any of claims 20-22, 32 or 33 wherein 
different the transponders of different movable objects generate 
answer., signals having different frequencies and wherein the 
processing unit isolates sensor signal components corresponding to 
different objects by isolating the different frequencies. 

4fr v A system according to claim 23 wherein different the 
transponders of different movable objects generate enswer signals 
** B V.*: n 9 . different frequencies end whersin the processing unit 
isolates sensor signal components corresponding, to different 
objects by isolating the different frequencies. 

47. A system according to claim 24 wherein different the 
transponders of different movable objects generate answer signals 
haying different frequencies end wherein the processing unit 
isolates sensor signal components corresponding to different 
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48. A system according to claim 28 wherein the transponders 
different pieces generate answer signals having differ '. 
frequencies and wherein the processing unit isolates sensor si g 
components, corresponding to different pieces by isolating 
different frequencies. 

49. A. system according to claim 45 wherein the sensor sig 
components are isolated by a Discrete Fourier Transform in 
processing unit. 

50. A system according to claim 48 wherein the sensor sig: 
components are isolated by a Discrete Fourier Transform in • 
processing unit. 

51. A system according to any of claims 20-22, 26-32, 43, 44. 
or 50 wherein the board surface comprises an addressable array 
elements' of controllable opacity. 
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